Abstract. The aim of the present study was to examine the effects of calcium channel protein on ovarian cancer cells. The expression of calcium channel protein in normal ovarian cells and ovarian cancer cells was detected by fluorescence quantitative PCR. Subsequently, the ovarian cancer cells were added to calcium channel protein activator media at various concentrations of 0, 1, 4, 8, 12, 16 and 20 mmol/l. The concentration of calcium ion in different samples was produced, and using an MTT assay, ovarian cancer cell activity in various samples was detected. Finally, a flow cytometer was used to explore the apoptosis rate. It was found that there was a significant difference between the expression of calcium channel protein in normal ovarian tissue and ovarian cancer cells (P<0.05), as well as a significant difference of calcium concentration among various samples (P<0.05). When the concentrations of calcium channel activator were 1, 4, 8, 12, 16 and
Introduction
Ovarian cancer has become a common malignant tumor in the reproductive system of women, and the mortality rate is higher than other diseases (1) . Statistics revealed that there are ~210,172 cases of ovarian cancer and ~104,683 deaths of women due to this disease in 2008 (2) . A study by Tamura (3) showed that most of women in the first diagnosis of ovarian cancer already have different degrees of metastasis in that the early symptoms of ovarian cancer were not obvious. It is believed that the key reason for this was that most patients could not obtain an early diagnosis (4) . At present, it is confirmed that early diagnosis of stage I can be cured in 90% and stage II in 70% of the patients (5) . Therefore, promoting studies on the pathogenesis of ovarian cancer may help us to identify the disease in the early or curable stage, and to provide a new and effective treatment.
Calcium channel protein is essential for maintaining calcium homeostasis inside and outside the cell (6) . Previous evidence showed that calcium ions in the cells acted as intracellular messengers, and played a regulatory role in many metabolism and physiological activities of cells, such as mediation of cell metabolism rate, controlling the contraction of muscle cells, regulating cell secretion and division, as previously suggested (7) (8) (9) (10) . It was found that calcium ions may be involved in some crucial death processes of cells, and too many calcium ions may cause different degrees of cell death, which may be the main mechanism of cardiomyopathy caused by ischemia (11) . Researchers also suggested that the destruction of intracellular calcium homeostasis may be closely associated with the occurrence of certain cancers (12) (13) (14) . Although the increase of intracellular calcium concentration can result in cell apoptosis and even death, there is scarce research on the calcium channel protein in ovarian cancer cells (15) .
Therefore, in this study, we investigated the role of calcium channel protein in ovarian cancer cells, in order to provide some theoretical and experimental basis for follow-up study and clinical ovarian cancer treatment.
Materials and methods
Experimental reagents. Calcium channel protein activator (nicardipine) was purchased from Sigma Chemical Co. (St. Louis, MO, USA), and methyl thiazolyl tetrazolium (MTT) assay from Shanghai Biological Engineering Co., Ltd. (Shanghai, China), while fluorescence quantitative polymerase chain reaction (PCR) reagents were from Takara (Tokyo, Japan).
Ovarian cancer cell line and its culture. Human ovarian cells were purchased from CICC and preserved in liquid nitrogen. The culture condition was 37˚C, 5% CO 2 , and 10% fetal bovine serum (Roche, Basel, Switzerland) was added in the culture medium, and 0.25% trypsin was used for digestion in each passage.
Extraction and fluorescence quantitative PCR of ovarian cancer cell RNA. Frozen tissue samples (0,1 g) were taken from liquid nitrogen and thawed on ice. Subsequently, 0.45 ml of RNA Plus was added, followed by homogenization with mortar in an Eppendorf tube. The contents were later transferred into the centrifuge tube after washing. Next, 200 µl of chloroform was added and mixed with vortexing for 15 sec. The tube contents were centrifuged at 10,500 x g, 4˚C for 15 min. After that the supernatant was transferred to an EP tube (RNase removed) with an equal volume of isopropanol, and it was reversed, and mixed while keeping on ice for 10 min. The tube was centrifuged again as previously and the supernatant was removed, then 750 µl of 75% ethanol was added and mixed gently, followed by centrifugation at 10,500 x g, 4˚C, for 10 min. The supernatant and ethanol that remained were removed. Finally, appropriate amount of RNase-free water was added to the RNA pellet. The extracted RNA was assessed for quality and quantity, before proceeding for reverse transcription. The operation referred to the fluorescence quantitative PCR instructions of Takara with a slight change.
Determination of intracellular calcium concentration.
The calcium concentration in ovarian cancer cells and normal ovarian cells was determined as described elsewhere (16), to detect the intracellular free calcium concentration in human erythrocytes.
MTT assay used for cell activity. One hundred microliters of ovarian cancer cells with a concentration of 2x10 4 /ml were cultured in 96-well plates. After 12 h, calcium protein activator of different concentrations (0, 1, 4, 8, 12, 16 and 20 mmol/1) was added into each well with 3 replicates in each group. After culturing under conditions of 37˚C, 5% and CO 2 for 48 h, 20 µl of MTT reagent was added into each well. After 4 h, the medium was removed and 100 µl of DMSO detection reagent was added, followed by agitation. Light absorption values (A) were detected at 490 nm. The cell inhibition rate was calculated as: (the value of A in the control group -A in the calcium channel activator group)/the value of A in the control group x 100%.
Flow cytometry used to detect apoptosis. Trypsin was used to digest ovarian cancer cells grown in different activators for 48 h, followed by gentle washing 3-5 times with sterile phosphate-buffered saline (PBS) (pH 7.2) and then fixed with 80% cold ethanol. After the treatment, ovarian cancer cells were placed at -20˚C overnight, and were rinsed with PBS 3-5 times the next day to remove remaining ethanol. After cell counting, the cell concentration was set to 1x 10 6 /ml. PI dye (50 µl/ml) was added at room temperature and out of direct sunlight for 30 min. Flow cytometry was then used to detect each sample for 2x10 5 (the control group) was significantly higher than untreated ovarian cancer cells with calcium channel protein activator. With increase of the concentration of the activator, the intracellular calcium concentration showed a downward trend after the first increase (Fig. 2) .
Inhibitory effects of different calcium channel protein activators on ovarian cancer cells.
MTT assay showed that when the concentrations of calcium channel protein activator were 1, 4, 8, 12, 16 and 20 mmol/l, the proliferation inhibition rates of ovarian cancer cells were 4.6, 21.3, 48.3, 67.9, 52.8 and 31.8%, respectively. It was indicated that the inhibitory effects of calcium channel protein activator on the proliferation of ovarian cancer cells applied in a dose-dependent manner, which was more obvious when the activator concentration was at 12 mmol/l (Table I) . When the concentration of calcium channel protein activator was 12 mmol/l at 48 h, ovarian cancer cells became round, the cell membrane showed blebbing, refractive index decreased and apoptotic bodies emerged (Fig. 3) . (20) . Other studies have shown that the intracellular calcium-regulating enzyme can regulate the cell apoptosis by acting downstream of cytosolic calcium; however, the mechanism of action remains unclear (21). Li et al suggested that the calcium ions in the cell may be associated with some tumor suppressor genes to regulate the apoptosis of malignant cells; however, the mechanism of action is still unknown (22) . After studying the relevant research, we found that there are theories demonstrating that calcium ions are involved in the regulation of apoptosis in late apoptosis as intracellular signals. However, there is no related experiment on the interactions between calcium ions and ovarian cancer cells. Therefore, in this study, to the best of our knowledge, we identified for the first time that calcium ion can regulate cell apoptosis through its intracellular content in a dose dependent manner.
